INTRODUCTION
Southeastern China borders the western Pacific Ocean, and features a typical East Asian monsoon climate . Spring drought remains a big concern in this populous region. In spring 2011, an extreme drought hit the mid-lower reaches of the Yangtze River with devastating consequences for agriculture and socio-economics of the region (Deng and Luo, 2013) . Whether this drought was part of a larger-scale drying trend in recent decades in southeastern China remains unanswered due to the shortness of instrumental records and poor understanding of forcing mechanisms.
The spatio-temporal characteristics of precipitation in southeastern China have been studied during the past two decades, largely based on meteorological data Zou et al., 2005) . Annual total precipitation has increased in the lower reaches of the Yangtze River in the second half of the twentieth century ). Yet the seasonal trends were different, with decreasing spring and autumn precipitation and increasing summer and winter precipitation in southeastern China Deng and Luo, 2013) . Due to the decreasing trend and strong interannual variability (Chen et al., 2014) , it is critical to study long-term spring precipitation variations in order to fully understand the severity of recent droughts.
However, this effort is limited by short instrumental records. Natural proxies, such as tree rings, have the potential to fulfill this task.
Rapid progress in tree-ring studies has been made in East and Southeast Asia in recent years. In Thailand, a soil moisture signal was found in a 448-year teak ring-width chronology (Brendan et al., 2007) . March-May Palmer Drought Severity Index (PDSI) series was reconstructed using a 535-year Fokienia hodginsii ring-width chronology from northern Vietnam (Sano et al., 2009) . A 979-year Fokienia hodginsii
ring-width chronology was developed for southern Vietnam, which showed that decades-long droughts in the fourteenth and fifteenth centuries contributed to the demise of Angkor civilization in Cambodia (Buckley et al., 2010) . Self-calibrating PDSI was reconstructed using a 1112-year Pinus sibirica ring-width chronology from Mongolia, and the reconstruction was used to understand the environmental background for the rise of Mongol Empire and the movement of the empire capital (Pederson et al., 2014) . On the Tibetan Plateau, annual precipitation was reconstructed using a 3500-year tree-ring record, and the reconstruction displayed a statistical association with the multidecadal variations of Northern Hemisphere temperatures over the last two millennia (Yang et al., 2014) . The 534 grid points of instrumental PDSI were reconstructed with 327 tree-ring chronologies over Monsoon Asia, but only one chronology was from southeastern China . In general, most of existing precipitation related reconstructions were developed in the arid and semi-arid regions of northern and western China (Shao et al., 2005; Chen et al., 2011; Liu et al., 2011; Bao et al., 2014; Lei et al., 2014) . However, in the humid, densely populated southeastern China, most of tree-ring reconstructions were for temperature (Shi et al., 2010; Chen et al., 2012a; Chen et al., 2012b; Duan et al., 2012; Zheng et al., 2012; Duan et al., 2013; Shi et al., 2013) . Because annual precipitation is generally larger than 1000 mm, and hot summers experience more precipitation than cold winters in this vast monsoon region, it is common that temperature might be a limiting factor on tree growth rather than precipitation.
Considering the importance of understanding long-term precipitation variations in southeastern China, we made an effort to reconstruct regional precipitation by carefully selecting the tree-ring sampling site. First, to minimize temperature influence, the tree samples should be located at elevations as low as possible. Second,
the sampling site should be on a steep slope with thin soil layer, a condition that soil moisture available to tree growth was limited, especially in dry seasons. In this study, we reported a chronology that was developed from an environment that met the above criteria. Fig. 2) . For all the three stations, peak monthly precipitation is found in June. The
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hottest month is July, followed by August and June, while the coldest month is January, followed by February and December. The Southern Oscillation indices (SOI) and Niño3.4 sea surface temperature (SST) data were used for evaluating the effects of the Pacific climte on precipitation change in southeastern China. These data were obtained from the Climate Prediction Center of the National Oceanic and Atmospheric Administration (http://www.cpc.ncep.noaa.gov/data/indices/).
Tree-ring data
The sampling site, named XDC04, is close to the Xiaodai village, Suichang county, southwestern Zhejiang province. It is located at 28º36′N, 119º27′E with an elevation of 380-490 m a.s.l.. It is one of the lowest among more than 40 tree-ring sampling sites that we have collected in the mountains across southeastern China during the past ten years. The slope is north facing and steep (~40º) with thin soil layers. The tree species is Pinus massoniana.
Following standard dendrochronological techniques (Cook and Kairiukstis, 1990), two cores per tree were extracted using increment borers. In total, 66 cores from 33 trees were collected. All the samples were processed using standard procedures. They were naturally air dried, mounted on a wooden grove, and sanded gradually until the cells were distinct (Stokes and Smiley, 1996) . Then, they were visually cross-dated under microscope. Each tree-ring width was measured to 0.001 mm precision with LINTAB 5.0 system. Dating and measurement errors were further checked with the COFECHA computer program (Holmes, 1983) . The original tree-ring width data will be available in the International Tree Ring Databank, www.ncdc.noaa.gov/paleo/treering.html. Subsequently, a ring-width chronology was developed using the ARSTAN program (Cook, 1985) by removing biological growth
trends while preserving variations that were likely related to climate. All the measurement series were detrended by fitting a cubic smoothing spline with a 50% frequency response cutoff equal to 67% of the series length. The ratios between original ring widths and the fitted curves were calculated as the detrended series. The crossdated and detrended series were then merged into a chronology using the biweight robust mean method. As the sample size generally declined in the early portion of a tree-ring chronology, we used the subsample signal strength (SSS) statistic (Wigley et al., 1984) with a threshold of 0.85 to evaluate the most reliable time span of the chronology. In order to preserve more low frequency information, only the tree-ring series extending back before 1900 were kept in the final chronology.
Methods
The relationships between tree growth and climate were explored by Pearson correlation analysis. The dominant climatic factor on tree growth was reconstructed using a linear regression model. The fidelity of the model was examined by split-sample calibration-verification tests (Meko and Graybill, 1995) . The spatial representativeness of the reconstructed precipitation and its connection with global sea surface temperatures (SSTs) were investigated using the KNMI Climate Explorer (http://climexp.knmi.nl). The reconstructed precipitation was compared with two ENSO indices to explore the impact of ENSO on precipitation in southeastern China.
RESULTS AND DISCUSSION
Tree-ring width chronology
COFECHA results showed that the mean segment length of the samples was 143 when SSS > 0.85 (Fig. 3) . Fig. 4 shows the correlation coefficients between the tree-ring chronology and monthly total precipitation and monthly mean temperature during a two-year window.
Tree-growth-climate relationship
An obvious feature is that precipitation of February and April correlated positively with tree growth at the 0.01 significant level. In contrast, no statistically significant correlation existed with monthly temperature at the 0.01 level. The correlation analysis clearly showed that tree growth at XDC04 was strongly controlled by precipitation in February and April. When the response function analysis was done (Fritts, 1976) , we got the same results as the correlation analyses (Fig. 5 ). February and April were the most significant months. The stress of early growing season moisture on tree growth was also found in other monsoon regions, such as southern
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9 and northern Vietnam and southeastern Tibetan Plateau (Fan et al., 2008; Sano et al., 2009; Buckley et al., 2010; Fang et al., 2010) . February temperature at the sampling site is about 6 o C (Fig. 2) , above which trees are generally thought to begin to grow (Evans et al., 2006; Vaganov et al., 2006; Shi et al., 2008) . Therefore, February precipitation has already impacted tree growth. It is noted that the correlation patterns were similar for the two stations further away, (i.e., Anqing and Huangshan), but were slightly different for the Quzhou station. On one hand, the quality of the meteorological records close to the sampling site might not be guaranteed, as shown by validating against records from the surrounding areas. On the other hand, mountain microclimate might have played an important role. At any rate, more tree-ring sampling in this area is needed in order to fully understand the relationship between tree-rings and regional climate.
Reconstruction of the February-April precipitation
Based on the results of the correlation analyses, the February-April total precipitation from the average of the ten CRU grids as shown in Fig. 1 southeastern China (Fig. 6a) . Based on this model, the February-April precipitation was reconstructed with large sample size for the period 1856 to 2013 (Fig. 6b) . The reconstructed February-April precipitation will be available on the following web site http://ncde.noaa.gov/paleo.study/18335.
Variability of the reconstructed precipitation and its spatial representativeness
The mean value and standard deviation (SD) of the reconstructed February-April total precipitation for 1856-2013 were 360.0 mm and 54.2 mm, respectively.
Extremely wet years were defined with a value above 1.5 SD and an extremely dry year with a value below 1.5 SD. Based on this criteria, 7 extremely dry years and 16 extremely wet years were identified (Table 2) . These dry and wet years accounted for 4.4% and 10.1% of the whole period, respectively. An extreme drought occurred in spring 2011 over the mid-lower reaches of the Yangtze River (Deng and Luo, 2013).
According to our study, this drought ranked the fifth in the past 168 years, indicating that it was not unprecedented.
On decadal time scales, there were 3 dry periods (1873-1896, 1924-1971, and 1995-2012) and 2 wet periods (1856-1872, and 1972-1994) . According to the meteorological records, spring droughts in the 1960s and 2000s and wet episodes in the 1970s-1980s were also found in southern China (Chen et al., 2014) , consistent with our study. February-April precipitation showed a decreasing trend at a rate of 9.4 mm per decade at the ten grids during the period 1972-2012 (Figs. 1 & 6a) , however, insignificant at the 0.05 level when tested using the method outlined in Wang and Swail (2001) . When the trend was put into the context of the past 168 years, it was clear that it may be part of interdecadal variations of February-April precipitation (Fig.   6b) . Therefore, the recent decreasing trend should not be overemphasized.
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The spatial representativeness of the reconstructed precipitation was explored using KNMI Climate Explorer. The reconstruction could represent February-April precipitation variability over large areas of the lower reaches of the Yangtze River (Figs. 7a-c) . The spatial patterns were very similar in the former (1951-1980), latter (1981-2012) , or full period , further indicating the temporal stability and reliability of the reconstruction.
Teleconnection of the reconstructed precipitation with the Pacific Ocean SSTs
The reconstructed precipitation correlated negatively with the SSTs in the Western Pacific Warm Pool (WPWP), and positively with that in the east-central equatorial Pacific (Fig. 7d) . A consistent pattern was also found using instrumental spring precipitation data in the mid-lower reaches of the Yangtze River (Deng and Luo, anomaly (Fan and Liu, 2009) . When the WPWP cools, the WPSH strengthens and its position shifts to the west and/or the north that increases spring rainfall in the mid-lower reaches of the Yangtze River (Jiang and Zhao, 2012; Deng and Luo, 2013) .
We also compared the reconstructed precipitation with the SOI and the Niño3.4 SST series (Fig. 8) . The correlation coefficients are -0.34 with the SOI and 0.34 with Niño3.4 SST series over the period 1951-2013, both significant at the 0.01 level.
Previous studies showed that El Niño-Southern Oscillation (ENSO) influenced summer precipitation in the mid-lower reaches of the Yangtze River (Chen, 1998) .
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This study confirmed its impact on February-April precipitation. February-April precipitation in the study region generally increased in an El Niño year, and decreased in a La Niña year.
CONCLUSIONS
A robust tree-ring width chronology was developed from the Xianxia Mountains, be partly attributed to the environment of the sampling site, which was located on a steep, low-elevation slope with thin soils. All these factors led to the high sensitivity of tree rings to February-April precipitation at the sampling site. Our reconstruction revealed three dry periods (1873-1896, 1924-1971, 1995-2012) and two wet periods (1856) (1857) (1858) (1859) (1860) (1861) (1862) (1863) (1864) (1865) (1866) (1867) (1868) (1869) (1870) (1871) (1872) during the past 168 years. It also indicated that the recent severe droughts were merely a manifestation of interdecadal precipitation variability.
The drought in February-April 2011 ranked the fifth in the past 168 years, indicating that it was not unprecedented. The reconstructed precipitation was significantly correlated with ENSO, suggesting a strong influence of the tropical Pacific climate on February-April precipitation over the lower reaches of the Yangtze River. Overall, our study indicated great potential of using tree-rings to reconstruct precipitation in humid southeastern China, and to explore the forcings of regional long-term drought variability. Table 2 Rank of extremely dry/wet years in the reconstructed February-April precipitation for the lower reaches of the Yangtze River.
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